An in vitro system was developed to test the phagocytic activity of human macrophages grown from blood monocytes in the presence of the antibiotics ampicillin, tetracycline, and chloramphenicol. 'H-labeled Listeria monocytogenes served as test organism. Subinhibitory amounts of the antibiotics enhanced the phagocytic activity significantly (P < 0.025). Macrophages pretreated with the drugs in identical concentrations showed the same phagocytic activity as control cells in the absence of the drugs. Because the drug concentrations used were similar to those that may be attained in man at certain places of inflammation, enhanced phagocytosis in the presence of antibiotics may have clinical significance.
In previous investigations we demonstrated the influence of gentamicin and polymyxin (3) and of dihydrostreptomycin (1) 
RESULTS
Influence of ampicillin, tetracycline, and chloramphenicol on the phagocytosis of L. monocytogenes by human mononuclear phagocytes. For these studies, cells were obtained from healthy subjects (five female and four male adults as well as one neonate) and used in the tests on the 3rd day of culture. At this time about 90% of the macrophages of the dense monolayer on the cover slip of each tube were viable. Most of these cells were active as phagocytes and showed a high rate of associated bacteria, the mean being 8 to 12 per cell. The effects of antibiotics on phagocytosis were studied with the drugs in concentrations which did not affect the number of microorganisms in an 18-h culture of 105 bacteria/ml.
The results of a representative experiment on the effects of ampicillin and tetracycline in subinhibitory concentrations on the phagocytosis by human mononuclear phagocytes of 3H-labeled L. monocytogenes are summarized in Table 1 . The mean of the absolute number of phagocytosed bacteria in the absence of antibiotics was used as the base level and defined as 100%. It may be seen that ampicillin and tetracycline enhanced phagocytosis by 41 and 75%, respectively.
The results of all experiments are summarized in Fig. 1 . In the upper portion of the figure (A) are shown the results with cells from adult males, and in the lower portion (B) are shown the results with cells from adult females and a neonate. Shown is the percentage of increased phagocytosis in the presence of the three antibiotics (shaded columns) and of the controls without antibiotics (white column). It is evident that in all instances phagocytosis was enhanced, in the presence of ampicillin, tetracycline, and chloramphenicol, to a lesser or greater degree and that the magnitude of enhancement differed between cells of various individuals. The difference in number of phagocytosed bacteria in the presence and absence of antibiotics was statistically significant (P < 0.025). Mention should be made of the fact that macrophages, pretreated with antibiotics in identical concentrations and washed free of drugs prior to incubation with the test organism, showed the same phagocytic activity as did control cells not treated with the antibiotics. (6, 11, 12) . The in vitro cultivation of peripheral blood monocytes results in morphological and functional activities similar to those resulting from the transformation of monocytes into tissue macrophages at extravascular sites in vivo (5, 7, 17, 20) . These changes include an increase in cell size (18) . Studies of certain immunodeficient states revealed that the therapeutic usefulness of antibiotics depends on an established host-defense mechanism (2) .
Phagocytosis may be enhanced during bacterial infection by the following. (i) Among the humoral factors are cytophilic antibodies (10) as well as opsonizing immunoglobulins and complement (4, 8, 15, 16) . (ii) A persistent pool of antigen (13, 14) and especially partially damaged, but still viable microorganisms (6) , may activate the production and maturation of monocytes. (iii) As shown in the present investigation, antibiotics in subinhibitory concentrations may enhance the phagocytic activity of human macrophages. Indeed, these drug concentrations may be obtainable in certain tissues of patients.
The mode of action of antibiotics in subinhibitory concentrations on phagocytosis remains to be elucidated. It has been shown, however, that the effect is not due to action on the macrophages themselves (1). It is important to note that the antibiotics enhanced phagocytosis of unrelated microorganisms, L. monocytogenes, as shown here, and Escherichia coli, as shown previously (1) . Antibiotics of different modes of action yielded similar results.
